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2.1 INTRODUCTION 
 
In smart homes, it is more energy-saving and comfortable if lighting, heating 
or home electronic devices could be control automatically according to people’s 
indoor position [1] and they should be controlled or monitored remotely using a 
television (TV) or personal digital assistant (PDA) [3]. Knowing human’s where 
about is also important to monitoring elderly people in their homes and helping them 
live a better life. [1]. 
Pyroelectric infrared (PIR) sensors are cheap, non-intrusive, very low power 
consumption and robust. Many existing approaches to human localization use the 
binary data output from PIR sensors [1]. PIR sensors are suitable to sense motion, 
because they are sensitive to the Infrared Radiation Changes (IRC) produced by 
human motion [2].  
 
 
2.2 PIR SENSING THEORY 
 
Basically, main function of PIR Sensor is used as a motion detector to detect 
any movement happened along the beam of the infra-red ray, as shown in figure 2.1. 
PIR Sensor is made from the crystalline materials that certainly generate the electric 
surface charge when it is exposed to the heat in the form of the infrared radiation. 
PIR Sensor is made with two Infrared (IR) sensitive elements with opposite 
polarization housed. In normal condition, both slot detectors will detect the same 
amount of infrared radiation. As a warm body passing through the beam, the one-
half of the PIR sensor will be intercepted that lead to produce a different of positive 
charge between the two halves. The sensor will generate a negative differential 
charged. Charge differential is parameter being used to measure the changes. 
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Figure 2.1 :  Principle of PIR sensors 
 
2.3 LITERITURE REVIEW 
 
The approach of using PIR sensor to detect human movement in the house is 
based on several factors which is PIR sensor are chipper than any other sensors. 
Besides that, PIR sensor are reasonably robust to their surroundings, in terms of 
noise such as temperature, humidity, and electromagnetic because PIR sensor detect 
the infrared wavelength emitted from humans between 9.4~10.4 μm only. In 
addition, the location accuracy of the system is possible to control by adjusting the 
sensing radius of a PIR sensor, and PIR sensors are easily installed on the ceiling, 
where they are not affected by the structure of a room or any obstacles [4]. 
 
 
2.3.1  SENSOR ARRANGMENT 
 
In order to determine the location of a human within a room, an array of PIR 
sensors are used as shown in Figure 2.2. The circle represents the sensing area of 
each PIR sensor and two or more sensing area of the PIR sensor overlap. Basically, 
the system decides whether human belongs to any sensing area by integrating the 
sensing information collected from all of the PIR sensors in the room once human 
enters the sensing areas. As example, when a human enters the sensing area B, 
sensor c output give ‘OFF’ signal, while sensors a and b outputs give ‘ON’ signals. 
After collecting outputs, the algorithm can infer that the resident belongs to the 
sensing area B [3, 4]. 
 
 
Figure 2.2: The location-recognition algorithm for PIR sensors. 
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In order to increase the accuracy of the sensing system and to get a precise 
location of human, it is a must to have more sensing areas with given number of 
sensors and to have sensing areas of similar size. There is few example of sensors 
arrangement as shown in figure 2.3. 
Fig. 2.3(a) and 2.3(b) shows the arrangements with 9 sensors which produces 
40 and 21 sensing areas, respectively. The arrangement in Fig. 4(a) is better than 
Fig. 4(b) because it provide more sensing area but there is some spot which human 
cannot be detected. Fig. 3(c) shows an arrangement with 12 sensors that give 28 
sensing areas without any blind spots [3, 4] 
                
Figure 2.3: Location accuracy according to the sensor arrangement of PIR sensors. 
(a) 40 sensing areas. (b) 21 sensing areas. (c) 28 sensing areas with twelve sensors 
 
 
2.4 EXPERIMENTAL RESULTS 
 
 Three sets of experiment were conducted with human between 160 and 
180cm tall. The moving speed is between 1.5 and 2.5km/h. 
 
Figure 2.4: Location of a human moving along a T-shaped path 
 
Figure 2.5: Location of a human moving along a H-shaped path 
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Figure 2.6: Location of human moving along a square path. 
 
Figure 2.4 shows the trajectory of human moving along a T shape path. 
Figure on the right is similar to the target path which is on the left and it’s known 
that the maximum location error is about 30cm. Figure 5 shows the trajectory of 
human follows H shape path. It was found that the accuracy of this experiment is 
similar to that in figure 2.5. It’s been verified that the system could locate human 
with accuracy of 0.5m even if three or more sensors were activated. Figure 2.6 
shows the trajectory of human moving along a square path. It was found that the 
trajectory is not a straight line and the location error is the largest among these three 
experiments.  
 
 
2.5 CONCLUSION 
  
 PIR sensors are suitable to sense motion, because they are sensitive to the 
Infrared Radiation Changes (IRC) produced by human motion. Besides that, PIR 
Sensor is used as a motion detector to detect any movement happened along the 
beam of the infra-red ray. The core advantage of the system by using PIR sensor is 
that PIR sensor are cheap, non-intrusive, very low power consumption and robust. 
The accuracy of human detection location is based on the arrangement of the PIR 
sensors. Good arrangement of PIR sensor gives less percentage of error. Advanced 
technology such as compensating method can be used to reduce the percentage of 
errors of the human location detection by using PIR sensors. 
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